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ELECTROHYDROOYNAMIC NOZZLE 

BACKGRO UND OF THF INVENTION 
[0001] The present invention relates to the production of an aerosol by means of 
electrohydrodynamics, and a device for the application of the electrically charged 
particles of material so produced. More particularly, the invention relates to the 
application of chemical agents such as, for example, herbicides, fungicides, 
insecticides, acaricides, miticides. molluscicides. nematicides, rodenticides, plant- 
desiccants, plant-growth regulators, etc. (pesticides in general), to a target. 

[0002] The application of liquid formulations to crops, turfs, trees, and other 
plants as well as spraying of pesticides in and around the home using sprayers has 
been practiced for many years. More specifically, electrostatic sprayers have been 
developed to atomize pesticides for application on a target. For example. Coffee, U.S. 
Patent No. 4,356.528. teaches an electrostatic sprayer to be used for ultra-low volume 
<"ULV) spraying of pesticides. The sprayer includes multiple metal capillary tubes, as 
spray nozzles, an insulating cover, and a field-intensifying ring electrode. Other 
examples of electrostatic sprayers include U.S. Patent Nos. 4.376.514; 4.467.961; 
4.470.550; 4.735.364; 4.476,51 5; 4,580.721 ; 4.629.164; and 6.105.571. 

[0003] The present inventors have recognized a need for improvements in 
electrohydrodynamic sprayer design. 

SUMMARY OF THE INVFNTIOM 
[0004] The present invention meets the above-mentioned need by providing a 
nozzle for an electrohydrodynamic spray device that produces a charged aerosol. 
Although the present invention is not limited to specific advantages or functionality, it is 
noted that the nozzle creates a very focused and directed spray. Accordingly, when 
used to spray a form of targeted vegetation such as. for example, a weed, with a liquid 
formulation (for example, a pesticide), the particles effectively cover the stems and 
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underside of plant leaves due to the fact that the aerosol possesses an electrical 
charge. 

[0005] in accordance with one embodiment of the present invention, the nozzle 
comprises a manifold having one fluid entrance and one or more discrete fluid exits or 
fluid spray sites. The fluid spray sites can be arranged in a linear array and are in 
communication with a charged electrode. 

[0006] In accordance with another embodiment of the present invention, the 
nozzle can comprise a manifold having one fluid entrance and one or more discrete fluid 
exits or fluid spray sites with equidistant passages in fluid communication with the fluid 
spray sites. Accordingly, fluid traveling within the manifold covers an equal distance 
from the fluid entrance to any of the one or more fluid spray sites. The fluid spray sites 
can be arranged in a linear array and are in communication with a charged electrode. 
However, the manifold of the instant embodiment having equidistant passages allows 
for fluid spray site arrays of different geometric shapes and orientations, while still 
maintaining equal flow of a liquid formulation to each discrete fluid spray site. The 
instant embodiment allows for a very wide range of flow rates since flow restrictions for 
low flow rates can be designed into the passages, if required, and thus allows for scale 
up of a single nozzle to any number of nozzles. 

[0007] m accordance with still another embodiment of the present invention, the 
nozzle comprises a spray shaping mechanism that defines directing electrodes 
positioned equidistant at opposite ends of the one or more fluid spray sites, which fluid 
spray sites can be arranged in a linear array. The directing electrodes are charged at 
the same polarity and voltage as the fluid spray sites and are effective in improving the 
uniformity of the linear nozzle array electrohydrodynamic spray device. No fluid is 
passed through the directing electrodes. 

[0008] in accordance with yet another embodiment of the present invention, the 
nozzle comprises a spray shaping mechanism that optionally defines parallel counter 
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electrodes. The counter electrodes comprise thin parallel rods that are arranged in 
parallel with and straddle the one or more fluid spray sites, which fluid spray sites can 
be arranged in a linear array. The combination of vertical and horizontal positioning of 
the parallel counter electrodes in relation to the array of fluid spray sites effectively 
provides for directional spraying and provides for variations in the aerosol spray shape. 

[0009] In accordance with still yet another embodiment of the present invention, 
the nozzle can optionally comprise a manifold having one fluid entrance and one or 
more discrete fluid exits or fluid spray sites with equidistant passages in fluid 
communication with the fluid spray sites, which fluid spray sites can be arranged in a 
linear array, and a spray shaping mechanism that defines both directing electrodes 
positioned equidistant at opposite ends of the fluid spray sites, and parallel counter 
electrodes that comprise thin parallel rods that are arranged in parallel with and straddle 
the one or more fluid spray sites. The directing electrodes are charged at the same 
polarity and voltage as the fluid spray sites and the counter electrodes form a stable 
electric field at the fluid spray sites which can propel the spray forward or shape the 
spray so that it comes in contact with a particular target. Accordingly, the nozzle of this 
embodiment of the present invention can be configured to produce a charged aerosol to 
a complex shaped target. 

[0010] These and other features and advantages of the invention will be more 
fully understood from the following detailed description of the invention taken together 
with the accompanying drawings. 

BRIEF DESCRIPT ION OF THF DRAWINGS 
[001 1] The following detailed description of the embodiments of the present 
invention can be best understood when read in conjunction with the following drawings, 
where like structure is indicated with like reference numerals and in which: 
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[001 2] Fig. 1 is a schematic block diagram showing some of the different 
components that make up an electrohydrodynamic spray device comprising a nozzle in 
accordance with one embodiment of the present invention; 

[001 3] Fig. 2 shows a front plan view of a nozzle for an electrohydrodynamic 
spray device in accordance with the present invention; 

[0014J Fig. 3 shows a side plan view of a nozzle for an electrohydrodynamic 
spray device in accordance with the present invention; 

[001 5] Fig. 4 shows a top plan view of a nozzle for an electrohydrodynamic spray 
device in accordance with the present invention; and 

[001 6] Fig. 5 is a schematic illustration of a manifold for an electrohydrodynamic 
spray device in accordance with the present invention. 

[001 7] Skilled artisans appreciate that elements in the figures are illustrated for 
simplicity and clarity and have not necessarily been drawn to scale. For example, the 
dimensions of some of the elements in the figures may be exaggerated relative to other 
elements to help improve understanding of embodiments) of the present invention. 

DETAILED D ESCR I P TION OF PREFERRED EMBODIMRNTS OF THE INVENTION 
[001 8] Referring initially to Fig. 1 , a schematic block diagram of an 
electrohydrodynamic spray device 1 is illustrated. In accordance with one exemplary 
embodiment of the present invention, the device 1 can comprise the following 
components: a control panel 2, a power source 3. a pumping mechanism 4, a high 
voltage power supply 5. a fluid container/cartridge 6, a nozzle 8, and a spray head 10. 
Reference is made to the commonly assigned U.S. Provisional Patent Applications 
entitled "SPRAY HEAD FOR ELECTROHYDRODYNAMIC SPRAY DEVICE" (Attorney 
Docket No. BAT 0077 MA), "FLUID CONTAINER FOR ELECTROHYDRODYNAMIC 
SPRAY DEVICE" (Attorney Docket No. BAT 0078 MA), and 
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"ELECTROHYDRODYNAMIC.SPRAYER SYSTEM" (Attorney Docket No. BAT 0079 
MA), which further describe the components making up the device 1 . the disclosures of 
which are incorporated herein by reference. The components can be connected by a 
plurality of electrical and mechanical interfaces. The device 1 can be configured to be 
portable and effectively provides a charged aerosol of a liquid formulation by means of 
electrohydrodynamics. 

[0019] Referring now to Figs. 2-5, in accordance with another embodiment of the 
present invention, the nozzle 8 can comprise a manifold 12 having one fluid entrance 13 
and one or more discrete fluid exits or fluid spray sites 15. The fluid spray sites 15 are 
preferably arranged in a linear array. However, fluid spray sites 15 of different 
configurations are also contemplated and are intended as being within the scope of the 
present application such as, for example, a circular array of fluid spray sites 15. 

[0020] The nozzle 8 that is defined by the electrohydrodynamic spray device 1 of 
the present invention is configured to create a charged aerosol of a liquid formulation by 
causing the liquid to flow over a region of high electric field strength. The region of high 
electric field strength can be provided by a charged electrode, which is in 
communication with the fluid spray sites 15, and which provides the liquid formulation 
with a net electric charge. The charge tends to remain on the surface of the liquid such 
that, as the liquid exits the nozzle 8, the repelling force of the surface charge balances 
against the surface tension of the liquid, forming a Taylor cone. The electrical force 
exerted on the liquid surface overcomes the surface tension at the tip of the cone 
generating a thin jet of liquid. This jet breaks into droplets of more or less uniform size, 
which collectively form a cloud of charged liquid particles. 

[0021] The nozzle 8 that is defined by the present application is effective in 
forming a charged aerosol of numerous formulations at a controlled flow rate and 
predictable spray pattern. The liquid formulation can have a wide range of physical 
properties and still remain sprayable such as. for example, a resistivity between about 
100 and about 5,000.000 Ohm-m and a viscosity between about 0.8 and about 590 cP 
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Moreover, the liquid formulation can contain an active ingredient, such as a pesticidal 
compound. 

10022] in accordance with still another embodiment of the present invention, the 
nozzle 8 can comprise a manifold 12 having one fluid entrance 13 and one or more 
discrete fluid exits or fluid spray sites 15 with equidistant passages 14 in fluid 
communication with the fluid spray sites 15 (see Fig. 5). Accordingly, fluid traveling 
within the manifold 12 covers an equal distance from the fluid entrance 13 to any of the 
one or more fluid spray sites 15. The fluid spray sites 15 can be arranged in a linear 
array and are in communication with a charged electrode. However, the manifold 12 of 
the instant embodiment having equidistant passages 14 allows for fluid spray site arrays 
of different geometric shapes and orientations, including a portable device, while still 
maintaining equal flow of a liquid formulation to each discrete fluid spray site 15. This 
aspect of the present invention enables steady electrohydrodynamic spraying of a liquid 
formulation as certain applications requiring a delivered volume or rate of a liquid 
formulation can only be obtained from multiple fluid spray sites 15. Moreover, the 
instant embodiment allows for a very wide range of flow rates since flow restrictions for 
low flow rates can be designed into the passages 14, if required, and thus allows for 
scale up of a single nozzle 8 to any number of nozzles 8. Multiple nozzles 8 can be 
employed for spraying multiple fluid formulations from a single electrohydrodynamic 
spray device 1. The passages 14 can be configured so that they are deep enough to 
allow a more viscous fluid formulation to be sprayed by maintaining backpressure with a 
standard pumping device. 

[0023] The manifold 1.2 of the instant embodiment can be configured so that 
there are two or more discrete fluid exits or fluid spray sites 15 for each final passage 
14. The number of exits per fluid exit trough can be designed to accommodate the 
requisite number of exits. This allows the fluid formulation to be distributed at an even 
flow rate to discrete exits, which provides stability, of Taylor cone formation and enables 
the formation of a more controlled and predictable aerosol. 
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[0024] m accordance with yet another embodiment of the present invention the 
nozzle 8 composes a spray shaping mechanism that defines directing electrodes 20 
pos.t.oned equidistant at opposite ends of the one or more fluid spray sites 15 which 
flu,d spray sites 15 can be arranged in a linear array. The directing electrodes' 20 are 
charged at the same polarity and voltage as the fluid spray sites 15. This feature 
provides certain manufacturing advantages do to the fact that the same power supply 
can be used for both the directing electrodes 20 and the fluid spray sites 15 However 
unite the fluid spray sites 15 no fluid is passed through the directing electrodes 20 
The d.recting electrodes 20 stabilize the Taylor cones and fluid spray sites 15 at the 
ends of the linear array and keep the aerosol directed forward rather than to the sides 
Accordingly, the directing electrodes 20 are effective in producing a charged aerosol 
that ,s more uniform from the ends to the center of the linear array of fluid spray sites 

[0025] m accordance with still yet another embodiment of the present invention 
the nozzle 8 comprises a spray shaping mechanism that defines parallel counter 
electrodes 30. The parallel counter electrodes 30 can be employed in localizing the 
electric field that is produced by the nozzle 8 for spraying a charged aerosol 
Depending on the position of the counter electrodes 30 relative to the one or more fluid 
spray srtes 15,the counter electrodes 30 can effectively boost the velocity of the 
electrohydrodynamic spray forward, as well as shape or split the spray toward a desired 
target. Accordingly, the counter electrodes 30 provide a shaping and/or propelling 
effect for the aerosol. The counter electrodes 30 further allow for both high and low 
nozzle density in a linear array of fluid spray sites 15. This feature of the instant 
embod.ment presents a more uniform field to each fluid spray site 15, independent of 
the spray sites position within the nozzle 8. Moreover, the parallel counter electrodes 
30 when combined with the linear array of fluid spray sites 15 provide more stable 
electrohydrodynamic spray and Taylor cone formation of a liquid formulation 
independent of the distance between the nozzle 8 and the grounded target 
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[0026] The counter electrodes 30 comprise thin parallel rods that are arranged in 
parallel with and straddle the one or more fluid spray sites 15, which fluid spray sites 15 
can be arranged in a linear array. The combination of vertical and horizontal positioning 
of the parallel counter electrodes 30 in relation to the array of fluid spray sites 1 5 
effectively provides for directional spraying and give variations in the aerosol spray 
shape. The distance vertically 40 (see Fig. 2) and horizontally 50 (see Figs 3 and 4) 
from the counter electrodes 30 to the one or more fluid spray sites 1 5 assists in shaping 
the Taylor cone formation, thus allowing a propelling effect when positioned in front or 
out from the tip of the nozzle 8, and a splitting of the spray when the counter electrodes 
30 or parallel rods are placed closer to the tip of the nozzle 8. Accordingly, the counter 
electrodes 30 can be employed to shape the charged aerosol so that it reaches and 
covers a specified target. 

[0027] m accordance with still yet another embodiment of the present invention 
the nozzle 8 can optionally comprise a manifold 12 having one fluid entrance 13 and ' 
one or more discrete fluid exits or fluid spray sites 15 with equidistant passages 14 in 
fluid communication with the fluid spray sites 15, which fluid spray sites 15 can be 
arranged in a linear array, and a spray shaping mechanism that defines both directing 
electrodes 20 positioned equidistant at opposite ends of the fluid spray sites 15 and 
parallel counter electrodes 30 that comprise thin parallel rods that are arranged in 
parallel with and straddle the one or more fluid spray sites 15. The directing electrodes 
20 are charged at the same polarity and voltage as the fluid spray sites 15. and the 
counter electrodes 30 form a stable electric field at the fluid spray sites 15 which can 
propel the spray forward or shape the spray so that it comes in contact with a particular 
target. Each of the elements making up this nozzle 8 are described with particularity 
herein. The instant embodiment is a combination of all of these elements in a single 
nozzle 8 for an electrohydrodynamic spray device 1. Accordingly, the nozzle 8 of this 
embod.ment of the present invention can be configured to produce a charged aerosol 
that is designed to come in contact with a complex or flat shaped target. 
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[0028] While ,he invention has been described by reference to certain preferred 
embody. . shou,d be underatood .ha, numerous changes oou.d be made wittrin 
the sp,nt and scope of me inventJve concepts described. This inctudes modffication to 
the embedment shown in sketches from hand-held devices to other configurations 
whrch rndude but are no, limited to boomed devices pulled behind barters, stationary- 
frames used to place a plant in to treat, and devices Integrally installed in green- 
houses/glass-houoes devices. Accordingly, i, is intended tha, ,he invention no, be 
limrted to me disclosed embodiments, but mat ■ have the full scope permitted by me 
language of the following claims. 



[0029] What is claimed is: 
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CLAIMS 

1 . A nozzle for an electrohydrodynamic spray device including one or more of the 
novel features described in the above specification and drawings. 



2. A nozzle for an electrohydrodynamic spray device substantially as described 
the above specification and in the accompanying drawings. 
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